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Introduction 

Today's rapidly-advancing technology requires a wide spectrum of power 
sources and energy-storage devices. In many applications, the power sources are 
required to have a minimum size or weight per unit of power or energy. These re- 
lquirements have motivated a great deal of the recent work on high-specific-energy 
(watt-hr/lb) and high-specific-power (watt/lb) secondary cells. The maximization 
of the specific energy requires that reactants of low equivalent weight and high 
free energy of reaction be used. 
with aqueous electrolytes, zinc and cadmium have served as anode materials while 
nickel oxide, silver oxide, and oxygen (or air) have served as cathode materials. 
The elimination of water from the electrolyte permits more reactive metals such as 
calcium and the alkali metals to be considered as anode materials. Lithium has a 
very low equivalent weight and low electronegativity, making it particularly attrac- 
tive as an anode material for high specific energy cells. 
materials have been used in combination with nonaqueous electrolytes and lithium 
anodes, depending on the operating temperature and the electrolyte. 

Lithium-anode cells designed for operation at room temperature use non- 
aqueous electrolytes comprised of solutions of inorganic salts such as Li PF4 or 
LiC104 dissolved in organic solvents such as propylene carbonate or dimet$j sulf- 

though these cells have the potentiality of supplying over 100 watt-hr/lb at low 
discharge rates, their specific power is low (2-20 watt/lb) ,Is3 limiting their 
range of applicability. 
lytes is low because of the low conductivity of the electrolyte (% 10-2 ohm-l cm-l). 

(1-4 ohm-l cm-l) thus allowing specific powers in excess of 100 watt/lb to be 
achieved.4-8 
lytes require elevated operating temperatures (26O-65O0C). , A number of secondary 
cells with fused-salt electrolytes have been investigated, including sodium/bismuth, 
lithium/chlorine ,'*' lithium/tell~rium,~-~ and lithium/selenium,10 all using free 
liquid electrolytes. 

A general indication of the theoretical maximum specific energies of some 
couples suitable for use with fused-salt electrolytes is given in Figure 1, where 
the specific energy (as calculated from the equivalent weight of the cell products 
indicated and the average emf of the couple) is plotted against the equivalent 
weight of the active material. Usually, the higher specific energy materials are 
more difficult to handle from a corrosion viewpoint. 

For high specific energy (> 50 watt-hr/lb) cells 

1 ~ 3  

A number of cathode 

oxide; the cathodes are usually metal halides such as NiF4, CuF2 or CuC1. Al- 

The specific power for cells with organic-solvent electro- 

The use of fused-salts as electrolytes provides very high conductivities 

Because of their relatively high melting points, fused-salt electro- 

9 

, .  A great deal of design flexibility and compactness can be gained by immo- 
bilizing the fused-salt electrolyte either in an absorbent matrix or in the form of 
a rigid paste.ll-l3 
anodes, liquid bismuth or tellurium cathodes and fused-lithium-halide electrolytes 
immobilized as a rigid paste, operating at temperatures in the range 380 to 485°C. 

Experimental 

2 and 3. 
the electrode compartments were 3.2 mm deep, and had 4 concentric fins which 

This work deals with secondary cells having liquid lithium 
iJ 
i 

Typical lithiudbismuth and lithium/tellurium cells are shown in Figures 
' The cell housing in Figure 2 was made from Type 316 stainless steel; 
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2 se rved  as  c u r r e n t  c o l l e c t o r s .  , T h e  exposed e l e c t r o l y t e  area was 1 .98  c m  , 
and the  p a s t e  e l e c t r o l y t e  t h i c k n e s s  was 0.34 c m .  P r i o r  , to assembly,  t h e  
anode compartment w a s  loaded w i t h  0.064 gm of l i t h i u m  (Foote  Minera l  Co., 
0.003 % Na, 0.003% K ,  0.003% N 2 ,  0.003% C12, s u r f a c e  oxide  removed), hea ted  
t o  530°C t o  ensure  good w e t t i n g  of  t h e  c u r r e n t  c o l l e c t o r .  The cathode com- 
par tment  conta ined  2.764 gm of  bismuth (United Minera l  and Chemical Corp., 
99.999% minimum p u r i t y ) .  These amounts of r e a c t a n t s  correspond t o  a cathode- 
a l l o y  composi t ion of  41  a / o  L i  i n  B i  a t  complete d i s c h a r g e ,  and a c e l l  c a p a c i t y  
of  0.25 amp-hr. The c e l l  was prepared and assembled under a h igh-pur i ty  helium 
atmosphere.14 
vided a l e a k - t i g h t  seal  a g a i n s t  t h e  c e l l  housing.  

c o n s i s t i n g  of s h e e t s  of  s i n t e r e d  porous s t a i n l e s s  steel i n  t h e  anode compart- 
ment, and a network of  p u r e - i r o n  wires  i n  t h e  ca thode  compartment i n  p l a c e  of 
t h e  meshes shown i n  F i g u r e  3 .  The exposed e l e c t r o l y t e  a r e a  was 3.25 cm2; t h e  
e l e c t r o l y t e  t h i c k n e s s  was 0.32 c m .  The c e l l  compartments were loaded wi th  0.75 
pm o f  l i t h i u m  and 5.45 gm of t e l l u r i u m ,  (American Smelt ing and Ref in ing  Co., 
99.999% minimum p u r i t y )  cor responding  t o  71.6 a / o  L i  i n  Te a t  complete d ischarge .  

The e l e c t r o l y t e  was t h e  t e r n a r y  e u t e c t i c  composed of 11.7 m/o LiF - 
2 9 . 1  m/o L i C l  - 59.2  m/o L i I ,  which m e l t s  a t  340.9'C and has  a s e c i f i c  con- 
duc tance  of 2 .3  ohm-l cm-l a t  375'C and 3.0 ohm-l cm-l a t  475"C.p5 The e u t e c t i c  
w a s  p repared  from weighed amounts of t h e  p u r e  s a l t s :  L iF ,  L i C 1 ,  and L i I  a l l  
s u p p l i e d  by Anderson P h y s i c s  L a b o r a t o r i e s ,  I n c .  A f t e r  t h e  components were melted 
t o g e t h e r  t o  form t h e  e u t e c t i c ,  t h e  e l e c t r o l y t e  was s o l i d i f i e d ,  p u l v e r i z e d  t o  -300 
mesh, and mixed (50 w/o) w i t h  an i n e r t  f i l l e r . m a t e r i a 1 .  The e l e c t r o l y t e - f i l l e r  
powder mixture  was t h e n  molded i n t o  d i s c s .  For t h e  L i / B i  c e l l ,  d i s c s  1 .85 cm i n  
d i a .  were prepared by p r e s s i n g , t h e  e l e c t r o l y t e - f i l l e r  powder f i r s t  a t  room t e m -  
p e r a t u r e  t o  form "cold-pressed"  d i s c s ,  and t h e n  a t  400°C f o r  f i n a l  d e n s i f i c a t i o n .  
A l l  o p e r a t i o n s  except  f o r  t h e  ho t -press ing  were c a r r i e d  o u t  i n  a pure hel ium at- 
mosphere. For t h e  Li /Te c e l l ,  d i s c s  2.5 cm i n  d i a .  were pressed  a t  room tempera- 
t u r e  and s i n t e r e d  a t  4OO0C wi thout  p r e s s i n g ,  e l i m i n a t i n g  a l l  exposure t o  a i r .  

The p a s t e  e l e c t r o l y t e  h a s  a cont inuous  phase of fused- l i th ium-hal ide  

No g a s k e t s  were used;  t h e  smooth-surfaced e l e c t r o l y t e  d i s c  pro- 

The lithiiim!tel I.urium c.el1.; macle of pure i r o n ,  had c u r r e n t  c o l l e c t o r s  

e u t e c t i c  a t  the  c e l l  o p e r a t i n g  tempera ture .  The r e l a t i v e  amounts of f i n e l y -  
d i v i d e d  i n e r t  f i l l e r  and l i t h i u m  h a l i d e  a r e  chosen such t h a t  t h e  e l e c t r o l y t e  f i l l s  
t h e  i n t e r s t i t i a l  s p a c e s  among t h e  very small f i l l e r  p a r t i c l e s ,  and holds  t h e  p a s t e  
f i r m l y  by means of i t s  h i g h  s u r f a c e  t e n s i o n ,  low c o n t a c t  a n g l e  wi th  t h e  f i l l e r ,  
and the  small pore s i z e  o f  t h e  compact. S i m i l a r  p a s t e  e l e c t r o l y t e s  have been uspd 
w i t h  s u c c e s s  i n  molten-carbonate  f u e l  ~ e l l s , . l l - ~ ~  

c o n s t a n t - c u r r e n t  DC power s u p p l y ,  p r e c i s i o n  v o l t m e t e r s  and ammeters (1 /4  p e r c e n t ) ,  
and a s t r i p - c h a r t  r e c o r d e r .  The v o l t a g e - c u r r e n t  d e n s i t y  curves  f o r  t h e  d ischarge  
mode of o p e r a t i o n  were measured s t a r t i n g  w i t h  t h e  c e l l  i n  t h e  fu l ly-charged  con- 
d i t i o n ;  t h e  curves f o r  t h e  charge  mode o f  o p e r a t i o n  were u s u a l l y  measured from 
t h e  fill ly-discharged c n n d i  t inn.  A 1  1 resiil ts Are reported nn II res i s tance- inc luded  
b a s i s .  
furnace .  

R e s u l t s  and Discussion 

The measurements of c e l l  performance were c a r r i e d  o u t  w i t h  t h e  a i d  of a 

The c e l l s  w e r e  h e l d  a t  o p e r a t i n g  tempera ture  i n  an e l e c t r i c a l l y - h e a t e d  tube 

The v o l t a g e - c u r r e n t  d e n s i t y  c u r v e s  f o r  t h e  L i / B i  c e l l  o p e r a t i n g  a t  380". 
453', and 485'C a r e  shown i n  F i g u r e  4 .  As might be expec ted ,  t h e  h i g h e s t  per for -  
mance i n  h n t h  charge  and d i s c h a r g e  modes was o b t a i n e d  a t  t h e  h i g h e s t  temperature .  
Current  d e n s i t i e s  up t o  2 . 2  amp/cm2 were o b t a i n e d ,  based on t h e  e f f e c t i v e  e l e c -  
t r o d e  a r e a  of 1 cm2 ( t h e  e l e c t r o d e  compartments were o n l y  about  h a l f - f i l l e d  with 
a c t i v e  m a t e r i a l s  d u r i n g  t h e s e  exper iments ) .  
che d ischarge  e x p e r i m e n t s  averaged about  5 a / o  L i , -  t h e s e  performances a r e  t y p i c a l  
o f  those  o b t a i n a b l e  n e a r  t h e  beginning of  t h e  p l a t e a u  of t h e  corresponding vol tage-  

S i n c e , & h e  ca thode  composi t ion dur ing  
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t i m e  curves  a t  c o n s t a n t  c u r r e n t  d i scharge .  
was 0.57 watt/cm2 a t  0.6 v o l t .  

The s l o p e s  of t h e  charge and d i s c h a r g e  curves  i n  F igure  4 are d i f f e r e n t  
because of t h e  d i f f e r e n c e  i n  s t a t e  of charge f o r  t h e  two modes of o p e r a t i o n .  The 
i n t e r n a l  r e s i s t a n c e  of t h e  c e l l  is expected t o  be  lower f o r  t h e  d i s c h a r g e  curves  
because most of the  o r i g i n a l  amount of l i t h i u m  was s t i l l  i n  t h e  anode compartment 
when t h e  d ischarge  d a t a  were taken .  
a lmost  no l i t h i u m  was p r e s e n t  i n  t h e  l i t h i u m  compartment, r e s u l t i n g  i n  a r e l a t i v e l y  
h igh  i n t e r n a l  r e s i s t a n c e .  When charge and d i s c h a r g e  curves  a r e  t a k e n  under  i d e n t i -  
c a l  c o n d i t i o n s ,  t h e  curves  have t h e  same s l o p e .  
a t  high c u r r e n t  d e n s i t i e s  was 0.45 ohm a t  485"C, compared t o  a v a l u e  of 0.23 ohm 
c a l c u l a t e d  from the  s p e c i f i c  conductance of t h e  e l e c t r o l y t e  and a pas t e - to -pure  
e l e c t r o l y t e  r e s i s t i v i t y  r a t i o  of 2.11,13 
presence  of  some Li20 r e s u l t i n g  from h y d r o l y s i s  of t h e  l i t h i u m  h a l i d e s  d u r i n g  hot-  
p r e s s i n g  OK incomplete w e t t i n g  of t h e  p a s t e  by L i .  

of F igure  4 ,  i t  is c l e a r  t h a t  t h e  c e l l  can be  f u l l y  charged from complete d i s -  
charge i n  about 15 minutes .  

The performance c h a r a c t e r i s t i c s  of t h e  ( l a r g e r )  L i / T e  c e l l  o p e r a t i n g  a t  
475°C a r e  shown i n  F igure  5 .  
of F o s t e r  and L i d 7  and e a r l i e r  exper ience  w i t h  L i / T e   cell^,^-^ t h e  open c i r c u i t  
v o l t a g e  was 1 . 7  t o  1 . 8  v o l t s ,  and t h e  v o l t a g e - c u r r e n t  d e n s i t y  curves  were s t r a i g h t  
l i n e s ,  i n d i c a t i n g  t h e  absence of  any s i g n i f i c a n t  c o n c e n t r a t i o n  o r  a c t i v a t i o n  over- 
v o l t a g e s .  
d e n s i t y  was 1 watt/cm2 a t  0.9 v o l t ,  a c o n s i d e r a b l e  improvement i n  power d e n s i t y  
over  t h e  L i / B i  c e l l .  

The maximum power d e n s i t y  a t  485OC 

During t h e  charging exper iments ,  however, 

The i n t e r n a l  r e s i s t a n c e  of  t h e  c e l l  

T h i s  d i screpancy  could be caused by t h e  

From t h e  reasonably  h igh  c u r r e n t  d e n s i t y  c a p a b i l i t i e s  of t h e  L i / B i  c e l l  

A s  expected on t h e  b a s i s  of t h e  emf measurements 

The s h o r t - c i r c u i t  c u r r e n t  d e n s i t y  was 2.2 amp/cm2, and t h e  maximum power 

The i n t e r n a l  r e s i s t a n c e  of t h e  L i / T e  c e l l  dur ing  d i s c h a r g e  was 0.24 ohm, 
compared t o  0.065 ohm c a l c u l a t e d  from t h e  e l e c t r o l y t e  c o n d u c t i v i t y  and a p a s t e -  
to-pure e l e c t r o l y t e  r e s i s t i v i t y  r a t i o  of 2. The r a t i o  of obse rved- to -ca l cu la t ed  
c e l l  r e s i s t a n c e s  is  h i g h e r  f o r  t h e  Li/Te c e l l  than for t h e  L i / B i  c e l l ,  p o s s i b l y  
because of t h e  f a c t  t h a t  t h e  p a s t e  e l e c t r o l y t e  d i s c  f o r  t h e  L i / T e  c e l l  w a s  no t  
ho t -pressed ,  and t h e r e f o r e  p robab ly  conta ined  voids  which i n c r e a s e d  t h e  r e s i s t i v -  
i t y  of t h e  p a s t e .  

from complete d ischarge  i n  less than  h a l f  an hour .  This  is a much h i g h e r  charge 
r a t e  than  can be 'used  w i t h  secondary c e l l s  having aqueous e l e c t r o l y t e s  o r  c e l l s  
w i t h  nonaqueous organic  s o l v e n t  e l e c t r o l y t e s .  

Extensive i n v e s t i g a t i o n s  of c o n s t a n t - c u r r e n t  charge  and d i s c h a r g e  char-  
a c t e r i s t i c s ,  charge r e t e n t i o n ,  and c y c l e  l i f e  s t i l l  remain t o  be done. The d a t a  
presented  above were i n t e r e s t i n g  enough, however, t h a t  some p r e l i m i n a r y  d e s i g n  
c a l c u l a t i o n s  have been performed,  based upon t h e  vo l t age -cu r ren t  d e n s i t y  curves  
of F i g u r e s  4 and 5. 

of secondary b a t t e r i e s  have a l r e a d y  been d iscussed  e l sewhere4 ,  t h e r e f o r e ,  no de- 
t a i l e d  e x p l a n a t i o n s  w i l l  be g iven  h e r e .  
a p p l i c a t i o n s  i s  b a t t e r y  weight ;  t h e r e f o r e ,  t h e  energy and power v a l u e s  a r e  ex- 
pressed  per  u n i t  weight a s  s p e c i f i c  energy ( w a t t - h r / l b )  and s p e c i f i c  power 
( w a t t / l b ) .  The c a l c u l a t i o n  of b a t t e r y  weight  involves  t h e  s e l e c t i o n  of t h e  
r a t i o  of r e a c t a n t  weights ,  and t h e  c a l c u l a t i o n  of t h e  we igh t s  of r e a c t a n t s ,  
e l e c t r o l y t e ,  c e l l  housing,  t e r m i n a l s ,  e t c .  r e q u i r e d ,  p e r  u n i t  of a c t i v e  c e l l  
a r e a .  
curve  and the  b a t t e r y  weight per  u n i t  a c t i v e  a r e a .  
t e d  from t h e  average c e l l  o p e r a t i n g  v o l t a g e ,  t h e  amount of l i t h i u m  per u n i t  of 
a c t i v e  c e l l  a r e a  and t h e  b a t t e r y  weight  p e r  u n i t  of a c t i v e  a rea .4  
used i n  t h e s e  c a l c u l a t i o n s  a r e  summarized i n  Table  I. 

The Li/Te c e l l ,  w i t h  a c a p a c i t y  of 2 .91  amp-hr could be f u l l y  charged 

, 

The p r i n c i p l e s ,  e q u a t i o n s ,  and sample c a l c u l a t i o n s  involved i n  t h e  des ign  

The most impor tan t  parameter  i n  many 

The s p e c i f i c  power a v a i l a b l e  is c a l c u l a t e d  from t h e  c u r r e n t  d e n s i t y - v o l t a g e  
The s p e c i f i c  ene rgy  i s  c a l c u l a -  

The v a l u e s  
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The r e s u l t s  of t h e  d e s i g n  c a l c u l a t i o n s  f o r  L i / B i  and Li /Te secondary 

b a t t e r i e s  a r e  shown i n  F i g u r e  6 .  Because of t h e  lower e q u i v a l e n t  weight  and 
h i g h e r  e l e c t r o n e g a t i v i t y ,  t h e  Li /Te c e l l  has  h i g h e r  s p e c i f i c  energy  and s p e c i f i c  
power c a p a b i l i t i e s  than  t h e  L i / B i  c e l l .  A s  a n  example, F i g u r e  6 shows t h a t  f o r  
t h e  30-minute-discharge ra te ,  a L i / B i  c e l l  having 3 c e l l s  p e r  i n c h  and an elec- 
t r o l y t e  t h i c k n e s s  of 0 .32 c m  h a s  a s p e c i f i c  power of  43  w a t t / l b  and a s p e c i f i c  
energy of 21 w a t t - h r / l b ,  whereas  t h e  Li /Te  c e l l  of similar dimensions can a t t a i n  
110 w a t t / l b  and 55 w a t t - h r / l b .  The des ign  a n a l y s i s  r e s u l t s  p r e s e n t e d  i n  F i g u r e  
6 a l s o  i n d i c a t e  t h a t  i f  t h e  e l e c t r o l y t e  t h i c k n e s s  i s  decreased  t o  0 .1  c m ,  i t  i s  
p o s s i b l e  t o  achieve  90 w a t t / l b  and 45 w a t t - h r / l b  f o r  t h e  L i / B i  c e l l  and 200 
w a t t / l b  and 110 w a t t - h r / l b  f o r  t h e  Li /Te  c e l l .  The performances of some o t h e r  
types  of secondary b a t t e r i e s  i n c l u d i n g  lead-ac id ,  nickel /cadmium, s o d i u m / s u l f u r ,  
and I i t h i u m l c h l n r i n e  ere presented i n  Figure 6 f o r  comparison. 

f h e  Li /Te c e l l  i n c l u d e  s p a c e  power s o u r c e s ,  m i l i t a r y  communications power s o u r c e s ,  
m i l i t a r y  v e h i c l e  p r o p u l s i o n ,  and perhaps  s p e c i a l  commercial v e h i c l e  propuls ion .  

The a r e a s  which d e s e r v e  f u r t h e r  a t t e n t i o n  i n  t h e  development of L i / B i  
and Li/Te c e l l s  i n c l u d e  t h e  o p t i m i z a t i o n  of p a s t e  e l e c t r o l y t e  p r o p e r t i e s  (par-  
t i c u l a r l y  t h e  r e s i s t i v i t y ) ,  c u r r e n t  c o l l e c t i o n ,  c o r r o s i o n ,  c y c l e  l i f e ,  and thermal  
c y c l i n g .  

Conclusions 

P o s s i b l e  a p p l i c a t i o n s  f o r  secondary ce l l s  w i t h  t h e  c h a r a c t e r i s t i c s  of 

1. It  i s  p o s s i b l e  t o  form a c c e p t a b l e  p a s t e  e l e c t r o l y t e s  from fused-  
l i t h i u m  h a l i d e s  and i n e r t  f i l l e r  m a t e r i a l s .  The p a s t e  e l e c t r o l y t e s  p r e s e n t l y  
show two t o  t h r e e  times t h e  expec ted  e l e c t r o l y t i c  r e s i s t i v i t i e s .  

h a l i d e  s a s t e  e l e c t r o l y t e s  can  o p e r a t e  a t  power d e n s i t i e s  of 0.57 and 1 . 0  
wat t /cm , r e s p e c t i v e l y  a t  about  4 8 O o C .  

making t h e m  p o s s i b l e  c a n d i d a t e s  f o r  many a p p l i c a t i o n s  where f a s t  recharge  is  i m -  
p o r t a n t .  

2 .  Li thium/bismuth and l i t h i u m / t e l l u r i u m  ce l l s  o p e r a t i n g  w i t h  l i t h i u m  

1 

3 .  These c e l l s  can b e  charged a t  v e r y  h igh  r a t e s  ( l e s s  than  30 m i n u t e s ) ,  

4 .  Design c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  L i / T e  c e l l  w i t h  p a s t e  e l e c t r o -  
l y t e  can be expected t o  show a s p e c i f i c  power i n  e x c e s s  of 360 w a t t / l b  and a 
s p e c i f i c  energy  of  80 w a t t - h r / l b ,  sugges t ing  many p o s s i b l e  a p p l i c a t i o n s ,  i n c l u d i n g  
s p e c i a l  v e h i c l e  p r o p u l s i o n  and energy s t o r a g e .  
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Table I 

Data f o r  B a t t e r y  Design C a l c u l a t i o n s  

Li!Ri Li/Te 

Open-circui t  v o l t a g e ,  v o l t s  

S h o r t - c i r c u i t  c u r r e n t  d e n s i t y ,  amp/cm 
2 

f o r  e l e c t r o l y t e  t h i c k n e s s  0 . 3  cm 

f o r  e l e c t r o l y t e  t h i c k n e s s  0 . 1  cm 

Cathode a l l a y ,  f u l l y  d ischarged  

3 
composi t ion,  a / o  L i  

dens i ty ,  g/cm 

3 Anode meta l  d e n s i t y ,  g /cm,  

Curren t  e f f i c i e n c y ,  % 

C e l l  p a r t i t i o n  t h i c k n e s s ,  cm/cel l  

Densi ty  o f  housing m a t e r i a l ,  g/cm 

Densi ty  of  p a s t e  e l e c t r o l y t e ,  g/cm 

Weight a l lowance f o r  f raming ,  t e r m i n a l s ,  

3 

3 

e t c .  2 ( e l e c t r o l y t e  + p a r t i t i o n  weight )  

0.8 1 . 7  

1.8 2 . 2  

6 . 1  7.0 

70 60 

4 . 4  3.3  

0.53 0 .53  

100 100 

0 . 1  0 . 1  

7.8 7.8 

3.0 3.0 

50 50 , 
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IV IV- 
Equivalent Weight, gr/ Equivalent 

IV 

Fig .  1. Relationship between theoretical  specific 
energy  and equivalent weight 

F ig .  2. View of lithium-bismuth-cell pa r t s .  Enough c e l l  p a r t s  
to make  a two-cell ba t te ry  a r e  shown. 
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Fig .  3a .  View of assembled  l i thium-tellurium ce l l  

F i g .  3b. View of l i thium-tellurium-cell  pa r t s  



9 
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SOYO FILLER,HQT PRESS 

1 

I I I I 

- LI/ L M L i  in  Te (I) 
ANODE AREA 325 CM' - 

INTERELECTRODE 

CAPACITY 291 AH 

PASTE ELECTROLYTE 

- CATHODE AREA 3 2 5  CM' - 

- DISTANCE 0 32 CM - 
- TEMPERATURE 475-C - 
- 5 0  '4 FILLER COLD PRESS- 

- - 
- - 
- - 
- - 
- - 

CHARGE 
- - 

- - 
- 2- - 

I I 

- 

2 I 0 2 3 

Fig. 4 .  ,Voltage-current density curves for a lithium-bismuth cell 

Fig. 5 .  Voltage-current density curx'es for a lithium-tellurium cell 
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SPECIFIC E N E R G Y  , w a t t - h r / l b  

, 
F i g .  6 .  S p e c i f i c  p o w e r - s p e c i f i c  e n e r g y  c u r v e s  

f o r  some s e c o n d a r y  b a t t e r i e s  

\ 

/ I  


